Introduction
============

Magnetic resonance imaging (MRI) of the spine is commonly utilized in establishing a diagnosis of the pediatric patient with neck and back complaints. It offers excellent visualization of the vertebral body, ligaments, disk, and neural elements and is a valuable tool in the assessment of the pediatric patient with a neurologic complaint or abnormal neurologic examination. MRI of the entire spine is also used as a screening tool in the patient with juvenile scoliosis or with a nonidiopathic scoliotic curve.

In the adult population, MRI is a useful adjunct to the history and physical examination to arrive at a diagnosis. Several studies have investigated the rate of abnormal findings in the asymptomatic patient, and results suggest that, although sensitive, MRI may not be the most specific imaging modality in adults. To our knowledge, no studies have specifically investigated the rate of spinal incidental MRI findings in the pediatric population or the rate of positive and negative findings in symptomatic patients. We aim to determine the rate of spinal incidental findings in asymptomatic pediatric patients, as well as the rate of negative findings in symptomatic patients. We then compare this with the adult population as based on available literature.

Materials and Methods
=====================

The study protocol was approved by the local Institutional Review Board. MRI obtained at a single institution from 2006 to 2011 of the cervical, thoracic, and lumbar spine in patients less than 18 years of age were read by both a board-certified radiologist and fellowship-trained, board-certified orthopedic spine surgeon. Any disagreements between findings were mutually discussed and consensus was reached. Ninety-nine MRIs were reviewed in 67 patients with an average age of 14.4 (range 5 to 17) years at the time the MRI was performed. Thirty-seven girls and 30 boys were included. A pre hoc power analysis was performed using comparable studies in the adult population with similar patient and imaging numbers. Inclusion criteria were any patient under the age of 18 who had an MRI performed of the neuraxial spine with an available chart for review that stated the reason for ordering the imaging study. Exclusion criteria included any patient with a known history of trauma, infection, or congenital abnormalities. We reviewed all available MRIs but excluded four patients who did not meet inclusion criteria: two due to a history of trauma with visualized fracture on plain films, one with a known history of infection, and one with a known hemivertebra. A spinal incidental finding was defined as any finding on MRI that did not correlate with the provider\'s indication for ordering the study. For example, if a patient presented with leg pain and a physical exam consistent with radiculopathy, a finding of Schmorl nodule was considered incidental. Similarly, if spine imaging was performed for an abnormal scoliotic curve in an asymptomatic child and disk desiccation or end plate changes were noted, this was considered a spinal incidental finding. If the area (cervical, thoracic, lumbar) of complaint did not match the physical area of the positive finding, a spinal incidental finding was recorded wherein a patient complaining of low back pain with a positive cervical MRI was placed in the −/+ (spinal incidental) group. Positive findings included Schmorl nodes, disk protrusion, disk desiccation, congenital stenosis, end plate irregularities and modic changes, disk extrusion, a vertebral hemangioma, synovial cyst, and Tarlov cyst. Extraspinal incidental findings were not evaluated in this study.

The charts of those patients were then reviewed to determine the chief complaint, physical exam findings, and the provider\'s rationale for ordering the study in an attempt to find associations between the MRI findings with the patient\'s presentation. The data measured were coded as follows. A +/+ patient was one who presented with a complaint of neck or back pain and a positive MRI. A −/− patient was one who was completely asymptomatic and had a normal MRI. A +/− patient was one who presented with pain and had a negative MRI. A −/+ patient was one without symptoms and a positive MRI---our "spinal incidental finding" group. The data were analyzed to break down the rate of spinal incidental findings in the cervical, thoracic, and lumbar spine, respectively. If a patient had more than one finding, those data were collected and analyzed separately to look at the incidence of that particular finding independent of the patient. The data were also analyzed as an overall per patient rate of spinal incidental findings.

Results
=======

Overall 99 MRIs were reviewed and broken down into cervical, thoracic, and lumbar studies. Twenty-five cervical studies ([Fig. 1](#FI1400033-1){ref-type="fig"}), 21 thoracic studies ([Fig. 2](#FI1400033-2){ref-type="fig"}), and 53 lumbar studies ([Fig. 3](#FI1400033-3){ref-type="fig"}) in 64 patients were included. These studies were ordered for a variety of reasons ranging from complaints of back, neck, leg, and arm pain, as well as screening studies for scoliosis workup. Multiple patients had more than one finding on MRI (i.e., disk desiccation and Schmorl nodes), and these findings were evaluated separately but counted as a positive MRI finding (+) or a negative finding (−) to perform statistical analysis.

![Cervical spine magnetic resonance imaging flowchart.](10-1055-s-0034-1387179-i1400033-1){#FI1400033-1}
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There were 31 positive MRIs of the 99, with the most common finding being disk protrusion (51.6%). This was most common in the lumbar spine. The second most common finding was Schmorl nodes (25.8%). The rate of positive findings in the lumbar spine was higher than in the cervical and thoracic spine (45.3 versus 0.2 and 0.9%, respectively).

In the spinal incidental finding group (those with a positive MRI and no pain, −/ + ), the overall rate was 8% when considering cervical, thoracic, and lumbar imaging as a whole. In this group, Schmorl nodes and disk protrusion were the two most common findings (37.5% each). The next most common spinal incidental finding was disk desiccation. Spinal incidental findings were most common in the lumbar spine (9.4%) versus the cervical spine (8%) or thoracic spine (4.7%). Other spinal incidental findings included a vertebral hemangioma and a Tarlov cyst. In the thoracic spine, the only spinal incidental finding was a central disk protrusion without spinal cord or nerve root compression.

Positive findings with correlating symptoms (+/ + ) comprised roughly 23% of the overall population, with the lumbar spine having the highest number of patients complaining of back pain with positive findings (19/53). The most common correlating MRI finding was disk protrusion, and this was most common at the L4--5 and L5--S1 levels.

Interestingly, Schmorl nodes seen in the same setting as disk desiccation and protrusion were more likely to be associated with pain ([Table 1](#TB1400033-1){ref-type="table"}). Six of eight of these patients reported pain whereas only one of the patients with isolated Schmorl nodes presented with pain. None of the patients with Schmorl nodes had evidence of surrounding bony edema.

###### Findings of disk desiccation and Schmorl node[a](#FN1400033-1){ref-type="table-fn"}

  -------------------------------------------------------------------- --------------------------------------------
  **Schmorl node + disk desiccation/protrusion (** ***n*** ** = 8)**   **Schmorl node alone (** ***n*** ** = 2)**
  With pain (*n* = 6; 75%)                                             With pain (*n* = 1; 50%)
  Without pain (*n* = 2; 25%)                                          Without pain (*n* = 1; 50%)
  -------------------------------------------------------------------- --------------------------------------------

Concomitant finding of disk desiccation in addition to Schmorl node was more likely to be correlated with pain than an isolated Schmorl node. None of the patients with Schmorl nodes had evidence of surrounding bony edema in this study.

Discussion
==========

In the adult population, several studies have established that there are age-dependent disk and osseoligamentous changes on MRI despite a lack of clinical complaints by the patient. Boden et al performed lumbar MRI on 67 asymptomatic patients and found evidence of disk herniation in 20% of those under the age of 60.[@JR1400033-1] In those over the age of 60, 37% had a disk herniation and 21% had spinal stenosis despite being pain-free. Jensen et al performed MRI of the lumbar spine on 98 patients and found 64% had an abnormal disk and 14% with degenerative facet joints, 7% with spondylolisthesis, 7% with spondylosis, and 7% with central stenosis.[@JR1400033-2] Weishaupt et al evaluated a comparatively young patient group without back pain (average age of 35) and found 18% had actual disk extrusion, with a 2% rate of nerve root displacement, and 40% had disk protrusions.[@JR1400033-3]

The use of MRI to predict the development of lower back pain has also been investigated. Borenstein et al studied MRIs of 67 asymptomatic individuals with no history of back pain and found a 31% incidence of disk or spinal canal abnormality.[@JR1400033-4] At 7-year follow-up, 58% had no back pain, and overall the investigators concluded that abnormal MRI scans of the lumbar spine did not predict the development or duration of low back pain, whereas with leg pain, there was more frequently a lesion that correlated with physical exam findings. In our study, 24 of 53 (45.3%) lumbar MRI studies had positive findings. Of these, 19 (79.2%) patients complained of pain and 5 (20.8%) were asymptomatic.

Incidental findings in the cervical spine have not been as extensively studied in the literature. Giuliano et al performed a study aimed at determining the value of flexion and extension MRI in the traumatized cervical spine following low-impact acceleration-deceleration injury.[@JR1400033-5] The authors scanned the cervical spines of 100 asymptomatic adults and 100 accident victims with mean age of 35 years. There was a much lower overall incidence of disk herniation in the asymptomatic group. This correlates to our findings in the pediatric population with only 2 of 16 studies having a positive spinal incidental findings in asymptomatic patients compared with 3 of 9 of those with pain.

In the pediatric population, the presentation of back pain is concerning and warrants a full workup as the differential diagnosis is varied and ranges from spondylolysis and spondylolisthesis to infection, tumor, and disk herniation. In this population, disk herniation is more uncommon and more frequently related to trauma as opposed to the degenerative causes in the adult population. The peak incidence occurs at age 10 to 18, and disk herniation is more common in males with 50% having a previous traumatic incident that initiated the workup.[@JR1400033-6] [@JR1400033-7] MRI is useful as an adjunct to a complete history and physical examination and holds specific indications especially in the evaluation of a child with scoliosis. Indications for an MRI in patients with scoliosis include an abnormal neurologic examination, left thoracic curve, juvenile scoliosis, a rapidly progressive curve, and back pain. Ramirez et al further investigated this practice by performing a retrospective study of 2,442 patients and found that a left thoracic curve or abnormal neurologic examination best predicted an underlying pathologic condition.[@JR1400033-8] Nine percent of patients who presented with back pain had an abnormal finding on MRI, and there was a significant association between back pain and age more that 15 years, skeletal maturity, postmenarchal status, and a history of injury. In a prospective trial, Evans et al performed MRI examinations of the spine and brain in patients with scoliosis whose onset occurred between 4 and 12 years of age.[@JR1400033-9] The authors found a 26% rate of neuroanatomical abnormalities to include Chiari malformations, a syrinx, and an astrocytoma. Of these patients, four had left-sided curves but no clinical features were found that could reliably predict MRI abnormalities. Therefore, these findings warranted MRI of all patients with juvenile onset scoliosis prior to surgical correction.

Lower back pain in general is a relatively common complaint in the adolescent population and can lead to MRI evaluation as an adjunct to the workup. Kjaer et al performed a cross-sectional cohort study of 439 13-year-old children with the goal of describing associations between abnormal MRI findings and low back pain.[@JR1400033-10] They found that disk protrusions, end plate changes, and anterolisthesis were strongly associated with seeking care for lower back pain and degenerative disk findings were not as strongly associated with seeking care for back pain.

Another study investigated the relationship between radiographic abnormalities of the lumbar spine and the incidence of low back pain in high school rugby players[@JR1400033-11]; 74.3% of the subjects had a radiographic abnormality, including spondylolysis, disk space narrowing, and Schmorl nodes. Both the groups with and without radiographic abnormalities had a 40% incidence of pain complaints.

Schmorl nodules have been implicated in the etiology of back pain in the pediatric population, but the literature is inconsistent. It appears that MRI findings consistent with acute nodule formation may be related to back pain. There have been reports of symptomatic cases, but two studies found that only vascularized Schmorl nodules or those with surrounding bony edema cause pain. Stäbler et al retrospectively reviewed MRIs of the spine and found that vascularized Schmorl nodules were larger and more frequently associated with bone marrow edema in patients with back pain.[@JR1400033-12] Takahashi et al found a high T2 signal in the bone marrow surrounding the nodule in all of their symptomatic cases.[@JR1400033-13] This was not present in any asymptomatic individuals. The authors postulated that the nodules act similar to vertebral compression fractures, which become less symptomatic as inflammation decreases. Of note, none of the patients in our study had bony edema surrounding their Schmorl nodules. However, we found that Schmorl nodes were often found in the same region as other pathology such as disk desiccation and protrusion and that those patients were more likely to report pain compared with those with isolated Schmorl nodes.

Alyas et al studied 33 elite adolescent tennis players who were asymptomatic and found an 84.8% rate of abnormalities ranging from chronic stress reactions in the pars to synovial cysts and early facet arthropathy.[@JR1400033-14] Thirteen players had evidence of disk desiccation and disk bulging most often at L4/5 and L5/S1. In our study group, disk desiccation and herniated disks constituted a large number of the findings but were more commonly associated with a patient presenting with pain (+/+ group) and less commonly placed in the spinal incidental finding (−/ + ) group. The majority of the patients who had a disk protrusion presented with pain, and this was most common at the L4--5 and L5--S1 levels. This is similar to the adult population.

To our knowledge, there are no studies that look specifically at the frequency of spinal incidental findings on MRI evaluation of the cervical, thoracic, and lumbar spine in the pediatric population. Park et al investigated the frequency and type of spinal incidental findings in subjects aged 1 to 97 years who were undergoing evaluation for a herniated disk[@JR1400033-15]; 8.7% of patients had a spinal incidental finding with the most common being fibrolipoma, followed by Tarlov cyst and vertebral hemangioma. Within our small patient population, we encountered one synovial cyst, one vertebral hemangioma, and one Tarlov cyst, suggesting that these may be relatively common findings in the pediatric population. Incidental findings outside of the spinal elements are also important to appropriately address, such as thyroid and salivary gland lesions on cervical spine imaging, pulmonary nodules on thoracic evaluation, and renal, splenic, pancreatic, gastrointestinal, uterine, and ovarian lesions on lumbar and sacral evaluation.[@JR1400033-16] Lymphadenopathy and vascular lesions are also easily visualized with MRI, and their frequency is well documented.[@JR1400033-16] [@JR1400033-17] Extraspinal incidental findings remained outside the scope of this study.

The weakness of this study is its retrospective nature. The ideal study design would allow for MRI evaluations in a volunteer asymptomatic pediatric population. However, given the restrictions in this patient population with informed consent and the need for supplemental anesthesia in the younger patient to obtain adequate imaging, this study design was deemed less practical. The relatively low number of subjects in the study also made it impossible to detect the prevalence of rare spinal incidental findings.

Conclusion
==========

MRI is a valuable imaging modality in the workup of the pediatric patient with neck, back, or leg pain or in the evaluation of the patient with scoliosis with an abnormal neurologic examination, left thoracic curve, juvenile scoliosis, rapidly progressing curve, and concomitant back pain. However, despite its sensitivity at detecting abnormalities, spinal incidental findings will be encountered during its routine use. We identified a 14% rate of spinal incidental findings in asymptomatic patients in our review, including end plate changes, disk desiccation, Tarlov cysts, Schmorl nodules, and annular tears. We urge the provider to exercise caution when interpreting these studies, as it is important to correlate these findings with history and physical examination.
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